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Abstract. In this study, the interaction between the phytochemical molecules – piperine and 
pipernonaline - and the ligand binding domain of the peroxisome proliferator-activated receptor-γ is 
investigated at a theoretical level by using the AutoDock software, which is a program that allows 
docking of molecular ligands to receptor macromolecules. The docking results show that the ligand-
receptor complexes are formed through hydrogen bond interactions. The hydrogen bonds involve 
oxygen atoms in the piperine and pipernonaline ligands as hydrogen bond acceptors and hydrogen 
atoms from =NH or -NH2 groups of the amino acid residues in the receptor as hydrogen bond donors. 
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INTRODUCTION 
 
The present paper is focused on modelling the interaction between the phytochemical 
molecules from the alkaloids class - piperine (1-[5-(1,3-benzodioxol- 5-yl)-1-oxo-2,4-
pentadienyl]piperidine) and pipernonaline ((2E,8E)-9-(benzo[d][1,3]dioxol-5-yl)-1-(piperidin-
1-yl)nona-2,8-dien-1-one) (Fig. 1(a), (b)), and the ligand binding domain (LBD) of the 
peroxisome proliferator-activated receptor-gamma (PPAR-γ) (Fig. 1(c)) using biomodelling 
simulations. More precisely, the molecular docking AutoDock software was used for 
simulating the receptor-ligand interactions. Identifying new small molecule ligands for 
PPAR-γ is a research area of interest which may have an impact on the management and 
treatment of type 2 diabetes mellitus (T2DM). 
The receptors from the class of peroxisome proliferator-activated receptors (PPARs) 
are important because they are regulators in adipocyte differentiation, in lipid and glucose 
homeostasis (Desvergne et al., 2004; Ehrmann et al., 2002). In particular, the PPAR-γ 
receptors play a key role in the processes of insulin sensitisation (Goldstein, 2008; Nunn et 
al., 2007), and they are currently used as target in type 2 diabetes mellitus treatment. The 
antidiabetic drugs thiazolidinediones exert their action by binding to and activating the PPAR-
γ receptor, which in the end results in increasing the insulin-stimulated GLUT4 receptor 
activity and muscle glycogen synthesis (Petersen et al., 2006) leading to improved insulin 
signalling and muscle insulin sensitivity. The interest in the piperine and pipernonaline 
molecules stems from the fact that they are mentioned in literature for their antidiabetic effect. 
In their study, Kim et al (Kim et al., 2011) have isolated piperine, pipernonaline and 
dehydropipernonaline from Piper retrofractum and found that the antidiabetic effect is, at 
least in part caused by activation of proteins from the peroxisome proliferator-activated 
receptors class (PPAR-δ protein in their case, but it is likely that PPAR-δ isotype has 
complementary effects with PPAR-γ concerning the pathophysiology of the metabolic 
syndrome). For this reason the authors consider that the theoretical investigation of the 
piperine and pipernonaline interaction with the peroxisome proliferator-activated receptor-γ is 
of particular interest. 
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The results obtained show, in all cases, favourable ligand-PPAR-γ receptor 
interactions. The interactions inside the receptor-ligand complex are hydrogen bonds.  
 
  
(a) 
 
(b) 
 
(c) 
Fig. 1. Molecular structures of the (a) piperine and (b) pipernonaline molecules; (c) ribbon 
representation of the 3D crystal structure of the LBD of PPAR-γ, pdb code 1PRG 
(http://www.pdb.org/pdb). The receptor structure is formed of α-helices, β-strands, and loops. 
 
MATERIALS AND METHODS 
 
The docking calculations described in this work were carried out using the AutoDock 
4.2 program (Morris et al., 2009). AutoDock performs calculations on molecules with known 
structures. The 3D structure of the LBD of PPAR-γ receptor was in the present case imported 
from Protein Data Bank [http://www.pdb.org]. It has the pdb code 1PRG. The energy 
minimised ligand molecular structures were obtained using the Chem Office software 
(http://scistore.cambridgesoft.com/chemoffice). The 1PRG molecule is a dimer build up of 
two chains of 270 amino acid sequences each (residues 207-476 of the PPAR-γ receptor) 
(Nolte et al., 1998). For the calculations, only one of the dimmer chains was kept, in order to 
have only one possible active binding site for the ligand molecules. 
AutoDock 4.2 uses two programs for the calculations: AutoGrid and AutoDock. 
Autogrid pre-calculates a set of grid maps useful for describing protein, while AutoDock 
performs docking simulations of the ligand to the grid maps. A graphical user interface called 
AutoDock Tools (ADT) (Sanner et al., 1999) is used for setting up the molecules for docking, 
running the docking calculations, and visualising the results. A rigid receptor was used for all 
calculations and the maximum number of allowed torsions was set for each molecule (four for 
piperine and seven for pipernonaline). 
Since the exact binding site for the ligands on the receptor is not known, a first rough 
calculation was carried out in all cases using a grid box size of 126x126x126 points with 
0.375 Å separation in between the grid points, and placing the receptor and ligand in random 
positions. This grid box covers almost all the surface of the PPAR-γ LBD. During this 
calculation, a preferred binding site for the ligand inside the receptor LBD is found. Once the 
preferred binding site is identified, the initial ligand coordinates are changed to those of the 
lowest energy conformation found in the initial AutoDock run and more refined calculations 
are performed using grid boxes of 60x60x60 points, centred on the ligand, with 0.375 Å 
distance in between the points. 
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The Autodock simulations were carried out using the Lamarckian Genetic Algorithm 
(Morris et al., 1998). Default parameters were used, except for the number of energy 
evaluations and the number of trials. The number of GA runs (genetic algorithm runs) was set 
to 150, and docking calculations were carried out with the maximum number of energy 
evaluations of 40.000.000 respectively. The resulting docked ligand conformations were 
clustered into groups of similar binding modes, with a root mean square deviation (rmsd) of 
2.0 Å. The clusters group thus conformations of very similar coordinates. 
 
RESULTS AND DISCUSSION 
 
Docking of Piperine to the Receptor PPAR-γ 
The optimisation of the piperine-PPAR-γ docking procedure was carried out using 
increasing number of active torsions, starting from zero and going up the maximum number 
of free torsions allowed which is 4. Very good clustering results were obtained in all cases. 
Basically, since AutoDock allows docking of flexible ligands to the receptor, it is normally 
indicated to use the largest number of active torsions. For this reason only the results obtained 
using four active torsions will be presented. The results shown here were obtained using 
40.000.000 energy evaluations and 150 GA runs.  
The clustering results and the piperine-PPAR-γ complex resulted from the 
calculations are shown in Figure 2, and the docking results can be observed in Table 1. The 
binding energy, docking energy, and inhibition constants in Table 1 are given for the lowest 
energy conformation in each cluster. The clustering illustrates the similarity of the docked 
conformations to each other. Two clusters are obtained, labelled A and B. Cluster A (-8.35 
kcal/mole binding energy) is the lowest energy cluster, and also the one grouping the largest 
percentage of conformations of 90.66%, while cluster B (-7.87 kcal/mole binding energy) 
groups 9.33% of the docked conformations. Based on its lowest binding energy and also on 
its significantly higher population number compared to cluster B, it can be stated that the 
conformations grouped below cluster A are the preferred conformations for the piperine-
PPAR-γ LBD complex. The piperine-PPAR-γ LBD interaction takes place through hydrogen 
bonds (see Table 2 and Figure 3). Through the oxygen atoms that it contains, the piperine 
molecule can function as hydrogen bond acceptor. The hydrogen bonds are formed between 
oxygen atoms in the piperine molecule and hydrogen atoms from the amino groups of the 
amino acid residues in the PPAR-γ receptor. There is a maximum number of three oxygen 
atoms in the piperine ligand that can be involved in hydrogen bonds. Conformation A forms 
three hydrogen bonds with the receptor LBD, while conformation B forms two hydrogen 
bonds. 
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(a) (b) 
Fig. 2. (a) The clustering results obtained for the piperine conformations at an rms deviation of 2 Å. 
The calculations used the maximum of four active torsions in the piperine molecule, 40.000.000 
energy evaluations, and 150 GA runs; (b) The piperine-PPAR-γ LBD complex for the most stable 
conformation of cluster A, conformation A, as obtained from the AutoDock calculations. 
 
Tab. 1 
Representative docking results (Ebinding and Edocking, inhibition constants Ki, CPU time and 
information about the clustering) obtained for the piperine-PPAR-γ LBD docking. The energy values 
and Ki values are given for the lowest energy conformation in the cluster. 
 
Active 
torsions 
Energy 
evalutions 
GA 
runs 
Cluster Ebinding min (kcal/mole) 
Edocked min 
(kcal/mole) 
Ki 
(µM) 
% of total 
population 
CPU 
time 
A -8.35 -9.96 0.76 90.66 4 40.000.000 150 
B -7.87 -9.54 1.71   9.33 
87h52m26s 
 
Tab. 2 
The hydrogen bonds formed in between the piperine molecule and the LBD of the PPAR-γ 
receptor, as resulted from the AutoDock calculations. The H bond donor is considered the molecule 
which donates the proton, while the H bond acceptor is the molecule containing the electronegative 
element. The bond lengths are also illustrated. 
 
No. torsions Conformation H bond donor H bond acceptor Bond length (Å) 
A 
ARG280 (NH) 
ARG280 (NH) 
SER342 (NH) 
PIPERINE (O) 
PIPERINE (O) 
PIPERINE (O) 
2.06 
2.17 
1.76 4 
B LEU228 (NH) SER342 (NH) 
PIPERINE (O) 
PIPERINE (O) 
1.84 
2.07 
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4 torsions, cluster A  
4 torsions, cluster B 
Fig. 3. Illustration of the hydrogen bonds for the possible conformations of the piperine-PPARγ LBD 
complex, allowing maximum flexibility of the piperine molecule. 
 
The hydrogen bonds length varies between 1.76 and 2.17Å. The energy values and the 
length of the bonds correspond to hydrogen bonds of moderate strength (Jeffrey, 1997). The 
lowest energy conformation, which is the most stable conformation, involves interactions 
with the ARG280 and SER342 amino acid residues in the PPAR-γ. Two hydrogen bonds 
involve the ARG280 amino acid residue and two the SER342 amino acid residue. The 
bonding with ARG280 takes place through the adjacent =NH and –NH2 groups of the amino 
acid and the bonds are shared with the same oxygen atom in the piperine ligand (see Figure 
3). The bonding with SER342 takes place in between a hydrogen atom from the amino group 
of serine which is the hydrogen bond donor, and the oxygen atom from the carbonyl group in 
the piperine molecule. The conformation B is formed by hydrogen bonds between piperine 
and LEU228 and SER342 amino acidsh.  
 
Docking of Pipernonaline to the Receptor PPAR-γ 
What concerns the pipernonaline-PPAR-γ interaction, it must be stated that more 
refined calculations are needed to be performed, but the main findings obtained so far will be 
summarised in the following. Seven and eight active torsions were allowed for the 
pipernonaline ligand, eight active torsions being the maximum number allowed, which it 
represents maximum ligand flexibility. Better computer resources are needed to achieve the 
best results in both cases. For eight active torsions we did not manage to achieve reasonable 
good results after 99h35min47sec of calculation; much more refined calculations are needed, 
which either means extremely long calculation times with the computer resources available, 
or ideally it would involve the use of a more powerful computer source. For seven active 
torsions (all torsions active except for the amide bond), the clustering of the final 
conformations is not optimum, but we have identified three clusters which have the highest 
population (labeled A, B, and D) and in the following, the conformations giving rise to these 
clusters will be described.  
The representative docking parameters for the pipernonaline-PPAR-γ LBD complex, 
for 40.000.000 energy evaluations, 150 GA runs is shown in Table 3. Three conformations 
appear possible and the interactions are, as in the piperine case, hydrogen bond interactions. 
The types of hydrogen bonds formed are given in Table 4 and the illustration of these bonds is 
shown in Figure 4. As can be seen, a common ground with the situation of piperine-PPAR-γ 
 241
LBD complex is given by the fact that amino acid residues in the receptor such as the 
ARG280 and SER342 participate in both cases in the bonding. This is not surprising since the 
two ligand molecules are similar in structure and belong to the same big class of compounds. 
 
Tab. 3 
Representative docking results for the pipernonaline-PPAR-γ LBD docking. 
 
Active 
torsions 
Energy 
evalutions 
GA 
runs 
Cluster 
 
Ebinding min 
(kcal/mole) 
Edocked min 
(kcal/mole) 
% of total 
population 
CPU 
time 
A -9.30 -11.94 19.33 
B -9.06 -11.60 27.33 7 40.000.000 150 
D -8.90 -11.90 26.66 
99h28m31s 
 
 Tab. 4 
The hydrogen bonds formed in between the pipernonaline molecule and the LBD of the 
PPAR-γ receptor. 
 
No. torsions Conformation H bond donor H bond acceptor Bond length 
(Å) 
A ARG280 (NH) SER342 (NH) 
PIPERNONALINE (O) 
PIPERNONALINE (O) 
2.09 
1.96 
B ARG280 (NH) GLU343 (NH) 
PIPERNONALINE (O) 
PIPERNONALINE (O) 
1.96 
1.73 7 
D HIS266 (NH) ARG280 (NH) 
PIPERNONALINE (O) 
PIPERNONALINE (O) 
2.19 
1.90 
 
 
 
Conformation A 
 
Conformation B 
 
Conformation D 
Fig. 4. Illustration of the hydrogen bonds for the possible conformations of the pipernonaline-PPAR-γ 
LBD complex, using different seven active torsions in the ligand. 
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CONCLUSIONS 
 
The interaction between the alkaloid molecule piperine, pipernonaline and the LBD 
of the PPAR-γ receptor was investigated using the AutoDock software. It was found that the 
interactions are favourable and that the bonding inside the ligand-receptor complex is driven 
by hydrogen bond type interactions of moderate strength. Two or three possible ligand 
conformations in the receptor-ligand are identified. Optimum results were obtained for the 
piperine-receptor complex, for which a preffered piperine conformation was identified. 
Concerning the pipernonaline-receptor complex, so far three possible conformations were 
identified and more elaborate calculations are needed in order to highlight the preffered 
conformation. 
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